US009092660B2

a2 United States Patent

Yamada et al.

US 9,092,660 B2
Jul. 28, 2015

(10) Patent No.:
(45) Date of Patent:

(54) FACE IMAGE REGISTRATION DEVICE AND
METHOD
(75) Inventors: Shin Yamada, Kanagawa (JP); Hiroaki
Yoshio, Kanagawa (JP)
(73) PANASONIC INTELLECTUAL
PROPERTY MANAGEMENT CO.,
LTD., Osaka (JP)

Assignee:

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 308 days.

@
(22)

Appl. No.: 13/813,793

PCT Filed: Jun. 3, 2011

(86) PCT No.:

§371 (),
(2), (4) Date:

PCT/IP2011/003146

Feb. 1,2013

(87) PCT Pub. No.: W02012/017589

PCT Pub. Date: Feb. 9, 2012

Prior Publication Data

US 2013/0129160 A1 May 23, 2013

(65)

(30) Foreign Application Priority Data

................................. 2010-175950

Aug. 5,2010 (IP)
(51) Int.CL

GOGK 9/00
GO6T 7/00

USS. CL

CPC

(2006.01)

(2006.01)

(52)

GO6K 9/00268 (2013.01); GO6K 9/00288

(2013.01); GOG6K 9/00926 (2013.01); GO6T

7/004 (2013.01); GO6T 2207/30201 (2013.01)

Field of Classification Search

None

See application file for complete search history.

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

5,978,494 A * 11/1999 Zhang
6,173,068 B1* 1/2001 Prokoski

(Continued)

382/117
382/115

FOREIGN PATENT DOCUMENTS

JP
JP

11-232459
11-312250

8/1999
11/1999

(Continued)
OTHER PUBLICATIONS

Grother, Patrick, Ross J. Micheals, and P. Jonathon Phillips. “Face
recognition vendor test 2002 performance metrics.” Audio- and
Video-Based Biometric Person Authentication. Springer Berlin
Heidelberg, 2003.*

(Continued)

Primary Examiner — Stephen R Koziol
Assistant Examiner — Sean Conner

(74) Attorney, Agent, or Firm — Greenblum & Bernstein,
PL.C.

(57) ABSTRACT

A face image registration device includes an image input unit
that inputs face images of a subject person, and an others face
retention unit that retains a plurality of others faces. The
device further includes: a false alarm characteristic calcula-
tion unit that collates the face images of the subject person
with the retained others faces, and calculates a false alarm
characteristic of the face images of the subject person; a
correct alarm characteristic calculation unit that collates the
face images of the subject person with each other to calculate
a correct alarm characteristic of the face images of the subject
person; and a registration face image selection unit that
selects a registration face image from the face images of the
subject person by using the false alarm characteristic of the
face images of the subject person and the correct alarm char-
acteristic of the face images of the subject person.

4 Claims, 27 Drawing Sheets

OM
YE

START

I INPUT [MAGES
IMAGE INPUT £

PLETED?

S

CUT OUT FACE IMAGES
CALCULATE FALSE ALARM
CHARACTERISTIC
CALCULATE CORREGT
ALARM CHARACTERISTIC
SELECT REGISTRATION IMAGES



US 9,092,660 B2

Page 2

(56)

7,580,563

7,706,601

8,649,612
2004/0008873
2004/0022442
2005/0129290
2005/0197923
2006/0093208
2006/0165293
2006/0291001
2007/0071329
2007/0189584
2008/0089562
2008/0279424
2008/0317349
2009/0175512
2010/0067751
2011/0013845
2011/0026781
2011/0064302
2011/0135166

References Cited

U.S. PATENT DOCUMENTS

BL*
B2 *
BL*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*

8/2009
4/2010
2/2014
1/2004
2/2004
6/2005
9/2005
5/2006
7/2006
12/2006
3/2007
8/2007
4/2008
11/2008
12/2008
7/2009
3/2010
1/2011
2/2011
3/2011
6/2011

Bourdev et al. ............... 382/165
Hamanaka ... ... 382/154
Brunner ... ... 382/224
Sogo et al. ... 382/118
Kim ......... .. 382/225
Loetal. .. 382/124
Kilner et al .. 705/27
Lietal. .. ... 382/159
Hamanaka ... 382/209
Sung etal. ... ... 358/453
Terakawa ..........ccceonene. 382/225
Li oo 382/118
Monden ... ... 382/124
Berrani et al. ... 382/118
Ishikawa .. ... 382/190
Hyuga et al ... 382/118
Aoki ........ ... 382/118
Tuetal. ..oooovvvieiinnn, 382/218
Osadchy etal. .............. 382/118
Maetal. ... ... 382/159
Wechsleret al. ............. 382/118

2011/0150302 Al* 6/2011 Moriyamaetal. ........... 382/118
2011/0243431 Al* 10/2011 Sangappa et al. .. 382/164
2013/0039590 Al*  2/2013 Yoshio .....cccoevvivininn. 382/218

JP
JP
JP
JP
JP
WO
WO

FOREIGN PATENT DOCUMENTS

2003-099780 4/2003
2004-086625 3/2004
2008-257327 10/2008
2009-003898 1/2009
2010-117852 5/2010
2006/077764 7/2006
2008/120576 10/2008
OTHER PUBLICATIONS

Phillips, P. Jonathon, Patrick Grother, and Ross Micheals. Evaluation
methods in face recognition. Springer London, 2011.*

Phillips, P. Jonathon, et al. “An introduction evaluating biometric
systems.” Computer 33.2 (2000): 56-63.*

Phillips, P. Jonathon, et al. “The FERET evaluation methodology for
face-recognition algorithms.” Pattern Analysis and Machine Intelli-
gence, IEEE Transactions on 22.10 (2000): 1090-1104.*

* cited by examiner



US 9,092,660 B2

Sheet 1 of 27

Jul. 28, 2015

U.S. Patent

LINN NO1133713S

J0V4 NOTLVHLSI9AY

<
8

LINN

NOIIN3L13d 30Vd SY3HL10

LIND NOTLYINIIVO
J1 1S 144 LIVYVHO
WAV LOFHH0D

1IN

NO11YT100 40v4

LIND NOILVINOTYO
J1 1S 143 1IVYVHD

WaVYTV 4S71V4

~

<
9

L

<
14

¢—1 LINN LnO1NO 3OVWI 3Iv4

1

N\\\. LINN LNdNT JOVII

[ Ol



U.S. Patent Jul. 28, 2015 Sheet 2 of 27 US 9,092,660 B2

24

|
FACE IMAGE CUTOUT UNIT
Vo
o oo o Yo o)
\— N N/

!

//51

§
5

22

FIG. 2



US 9,092,660 B2

Sheet 3 of 27

Jul. 28, 2015

U.S. Patent

INIVA ATOHSIHHL

g JLVaIanvd 3ov4 zo:<m._w_cm_ml\|w
V J1VAIANYD 40Vd4 NOILVHISIOAY

—0 J1VAIANYD 30Vd4 NOILVYLS193d

EIALRCI VRN E

& OId



US 9,092,660 B2

Sheet 4 of 27

Jul. 28, 2015

U.S. Patent

ANVA @110HS3EHL

O 31VAIANYD JOV4
NOILVHLSI93Y

4 41VaIaNvD 3ovd zo:<Em_me|\$

V d1VAIANYD J0Vd NOTLVELSIOFd — 7

41Vy
L WAVIY 1034409

v OId



US 9,092,660 B2

Sheet 5 of 27

Jul. 28, 2015

U.S. Patent

ANIVA QT0HSIYHL

V 31VAIANYD 30Vd NOILVYISI93Y

!

%56

ALVY WYYV 3STV4/
/ALVY WHYIY  LOFHH0D

g Old



US 9,092,660 B2

Sheet 6 of 27

Jul. 28, 2015

U.S. Patent

NTVA Q10HSFEHL

w5

’

\ |

€9

d 41VAIANYD JOvd4 NOILVHLSI93Y

A

Wl

%56

ALVY WYYy 3STv4/
7 A1V WHYTY 1034409

9 9OI4



US 9,092,660 B2

Sheet 7 of 27

Jul. 28, 2015

U.S. Patent

INIVA Q10HSIHHL

0 J1VAIANYD 30V4 NOILYYISIH3

Wl

%56

ALvY WAV 3STV4/
41VY WYYV 1034409

Z Ol



U.S. Patent Jul. 28, 2015 Sheet 8 of 27 US 9,092,660 B2

FIG. 8

C swmr )

$81
INPUT IMAGES |

582

0 IMAGE INPUT COMPLETED?

YES

$83
CUT OUT FACE IMAGES L

CALCULATE FALSE ALARM | S84
CHARACTERISTIC

CALCULATE CORREGT S85
ALARM CHARACTERISTIC T

SELECT REGISTRATION IMAGES |~ >80

C  m )




U.S. Patent Jul. 28, 2015 Sheet 9 of 27 US 9,092,660 B2

FIG. 9 |
IMAGE INPUT UNIT
1\,
HEAD POSE I
CALCULATION UNIT| \-81
FACE IMAGE
CUTOUT UNIT | \_3
HEAD POSE IMAGE
RETENTION UNIT [\_g)
s ]
FALSE ALARM e
> CHARAGTER|ISTIC coLLATION CHARACTERISTIG
CALCULATION UNIT CALCULATION
UNIT UNIT
$
EACH-HEAD-POSE
REGISTRATION
> "OTHERS FACE
RETENTION UNIT FACE SELECTION
83




U.S. Patent

Jul. 28,2015 Sheet 10 of 27 US 9,092,660 B2
FIG. 10
SWALLER THAN 20 DEGREES 20 DEGREES
EXAMELE OF “20 DEGREES 10 20 DEGREES OR LARGER
DIVIDE HEAD >
POSES
30 DEGREE_ | 30 DEGREE | 30 DEGREE
20 DEGREES UPPER RIGHT | = UPPER | UPPER LEFT
OR LARGER
X
~20 DEGREES
30 DEGREE 30 DEGREE
T0 20 DEGREES JEER FRONT D
X
SMALLER THAN 30 DEGREE | 30 DEGREE | 30 DFGREE
"20 DEGREES | |LOWER RIGHT | = LOWER | LOWER LEFT




US 9,092,660 B2

Sheet 11 of 27

Jul. 28, 2015

U.S. Patent

1437 y3amo1 0€

43M0T 334930 0€

1HI1d ¥3M0T 334530 0€

~ 7~ oloiolRelele
60\ ﬁo\ /oo ﬂQ GQ Koo KOQ fo&
P q _ g Y H d 0
1437 334930 0¢ LNOYA 1H9 1Y 334930 0¢
N e
\e o / N2
NwJ/ ) 3
1437 4¥3ddn 334930 o¢ d3ddn 3349340 o€ 1H9 1Y ¥3ddn 334930 0¢€
101 ~N1r—r N Y =Y PN FN A S
N AN NCA koA oA Ned Ned Ned N Ned sauvg
1437 1H9 1Y -1 ONYD
1437 1H91Y d3ddn 1437  ¥3ddn LH9I1Y  LHHI1Y J0Y4 NOIL
33493d 334930 33¥930  33¥H30 334H3A 3IIYPY3a@  3349ad -Y41S193Y
0¢ INOY4 0¢ 0¢ 0¢ 0¢ 0¢ 0  INOYd INOY4
r I H 9 k| 3 a J d Y
[T OI4



US 9,092,660 B2

Sheet 12 of 27

Jul. 28, 2015

U.S. Patent

L7 1HD 1Y
a0 | ik | o
O30 | Fe™ | 3R
49 0
L7
umwmma INOY4 mmmmwmmom
L
¥iddn | LHDIY
Jagpd0 | 3930 | ddn
3 02 N[ 33430 0¢
N\

JOVINI NOILVYLSI93Y
J0V4 NOSY3d 153rdns

NOILYHLS1934 NOSH3d 103rdns

AT T'H'D NOI 1Y N1V
‘7'a0'q | < { OlLSIY¥ILIVHVHI
WaYIV 1934400

N

NO 1034400
ALLAVTINIS

QM%MJ %mgmmr mm%&m
334930 3 334930
oe 0¢
1437
mmwmmo INOY4 mm%uw&mom
1437
43ddn LHO1Y
S 33930 | Wdddn
0¢~ |339D30 o¢
0e"

LINN NOILN3L4Y F0V4
S¥3H10 3S0d-AV3H-HOVA

NOI1V1NJTvD
J11STdILIVHVHO
Wavv 3571V

¢l OId



US 9,092,660 B2

Sheet 13 of 27

Jul. 28, 2015

U.S. Patent

J1 LS THILIVEYHI WYV TV
1044400 ONINIVLE0
d04 3S0d av3

- ————
e S~

¥3ddn 334930 08 | )

lllllll

[l /TS

—
5 &
= - e
~ eV ILVAIONYD 20V o
L = NOILVYLISI93Y _m.[._
T T e B
WEEEoEﬂQ Ly

— =

o, B A = =

— TGS =)

o =23 = &

= 1

o7

= A |

= \\\\\ "

%\\\\\\\ J<

\\\\\ \\lll B\\\

\\\\ B 3

\\\\\\\\

AKXV

\\\\\\\\

A VXV

VYAV

/1

NN 77777

WAL L Z 777 77

W L ZZ 7 7 7 777

N T 777 7 7777

N7 777 7 7777

L/ VAR AV A S A A A4

VAR AN A AN SYAEeTs

1H9 1Y ¥3ddn 334930 o€

=
INOY4 \° °

4 30V4 NOSY3d
193r4ns NOTLYINOIVO

1437 ¥3IM0T 33493Q o€

1 O



US 9,092,660 B2

Sheet 14 of 27

Jul. 28, 2015

U.S. Patent

ddddn 334930 0€ 1V V 1d30X3 S3OV4 NOSY3Id 133rdnS 3I71SIHINAS

J9VI1 NOILVHISIDIY
40V4 NOS¥dd 193rdns

alalalala
\eo ] Need he o/ Neo ] Noo/
olalolEla
Noe] Nee] Neeof Nee \eo

ojseng,

1431 LHD 1Y _ 1431 LHO 1Y
et 330 et 0! VIO RSt EEE R
0¢ 0¢ 0¢ 1934400 06 0¢ 08

1431 1431
0 | o | 38h30oe 3030 | N0 | 33430 0¢
1477 1471
¥iddn | IHOIY ¥iddn | W91y
b0 | I | Hddn A 33930 |__tddn
89 02 _|338D3a og 4930 | 08T |334630 oo
/ \

NOI1VY1S1934 3Iv4

NOSY3d L23rdns

LINN NOILNTL3Y 30V
S43H10 3S0d AV3IH-HOVA

NOILVINJ VD
v J11STY410VHVHO
WdY'TvV 3S77v4

vl OId



U.S. Patent Jul. 28, 2015 Sheet 15 of 27 US 9,092,660 B2

FIG. 15
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FIG. 19
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FIG. 20
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1
FACE IMAGE REGISTRATION DEVICE AND
METHOD

TECHNICAL FIELD

The present invention relates to a technique applied to a
face image registration device and method which can select
registration faces causing high recognition rate even if an
installation environment of a face recognition device is
changed.

BACKGROUND ART

In conducting face authentication by using the face recog-
nition device, a face image of a person to be authenticated is
first registered in a face authentication device as a face of a
subject person. Then, it is checked whose face a face image
newly acquired matches in registration face images to iden-
tify the subject person.

In this situation, when a new person is tried to be recog-
nized, the new person is registered as a registration image.
FIG. 27 is a block diagram of a conventional face authenti-
cation device disclosed in Patent Document 1. Referring to
FIG. 27, images taken by an imaging device 9 are displayed
on a display device 11, and the images to be registered are
selected and registered by an input device 12.

RELATED ART DOCUMENTS
Patent Documents
Patent Document 1: JP-A-2004-086625

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

However, in the conventional device, when there are plural
faces of the same person, it is difficult to determine which of
the face images is suitable for collation. The face image
suitable for collation is excellent in a false alarm characteris-
tic and a correct alarm characteristic in the case where after
the face image of an appropriate person has been registered in
a face database, a new face image of the appropriate person is
input and collated with the face image registered in the face
database. The false alarm characteristic is that the appropriate
person is not mistaken for others, and the correct alarm char-
acteristic is that the appropriate person is identified correctly.

However, when there is a plurality of face images of the
same person from the viewpoint of the characteristic of the
face authentication device, it is difficult to determine which of
the face images is suitable for face collation.

The present invention has been made to solve the above
problems, and an object thereof is to provide a face image
registration device and method which can select a face image
suitable for the face authentication when there is a plurality of
face images of the same person.

Means for Solving the Problem

According to the present invention, there is provided a face
image registration device including: an image input unit that
inputs a plurality of face images of a subject person; an others
face retention unit that retains a plurality of others faces; a
false alarm characteristic calculation unit that collates the
face images of the subject person with the others faces
retained in the others face retention unit, and calculates a false
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55
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2

alarm characteristic of the face images of the subject person;
a correct alarm characteristic calculation unit that collates the
plurality of face images of the subject person with each other
to calculate a correct alarm characteristic of the face images
of the subject person; and a registration face image selection
unit that selects a registration face image from the plurality of
face images of the subject person by using the false alarm
characteristic of the face images of the subject person and the
correct alarm characteristic of the face images of the subject
person.

With this configuration, the registration image that can
decrease a false alarm rate and increase a correct alarm rate
can be selected from the plurality of face images of the subject
person.

Also, according to the present invention, in the face image
registration device, the false alarm characteristic calculation
unit calculates a collation result of the face image of the
subject person with the others faces retained in the others face
retention unit as a false alarm rate, the correct alarm charac-
teristic calculation unit calculates the correct alarm charac-
teristic of the face images of the subject person as a correct
alarm rate, and the registration face image selection unit
selects the registration face image by using a difference
between the correct alarm rate of the face images of the
subject person and the false alarm rate of the face images of
the subject person when the correct alarm rate of the face
images of the subject person is a given threshold value, from
the plurality of face images of the subject person.

With this configuration, the registration image that can
decrease the false alarm rate and increase the correct alarm
rate when the correct alarm rate is the given threshold value
can be selected.

Further, according to the present invention, in the face
image registration device, the false alarm characteristic cal-
culation unit calculates a collation result of the face image of
the subject person with the others faces retained in the others
face retention unit as a false alarm rate, the correct alarm
characteristic calculation unit calculates the correct alarm
characteristic of the face images of the subject person as a
correct alarm rate, and the registration face image selection
unit selects the registration face image by using a difference
between the correct alarm rate of the face images of the
subject person and the false alarm rate of the face images of
the subject person when the false alarm rate of the face images
of the subject person is a given threshold value, from the
plurality of face images of the subject person.

With this configuration, the registration image that can
decrease the false alarm rate and increase the correct alarm
rate when the false alarm rate is the given threshold value can
be selected.

Further, according to the present invention, the face image
registration device further includes a head pose calculation
unit that calculates a head pose of the face image of the subject
person input from the image input unit. In the face image
registration device, the others face retention unit retains the
others faces for each of head pose, the false alarm character-
istic calculation unit, the correct alarm characteristic calcu-
lation unit, and the registration face image selection unit
calculate the false alarm characteristic and the correct alarm
characteristic for each of the head pose calculated by the head
pose calculation unit, and the registration face image selec-
tion unit selects the registration image for each of the head
pose calculated by the head pose calculation unit.

With this configuration, the registration image can be
selected for each of the head pose images.

Further, according to the present invention, the face image
registration device further includes a position acquisition
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device that acquires positions of face of the subject person
relative to the image input unit when the face image of the
subject person is input from the image input unit. In the face
image registration device, the others face retention unit
retains the others faces for each of the positions of face, the
false alarm characteristic calculation unit, the correct alarm
characteristic calculation unit, and the registration face image
selection unit calculate the false alarm characteristic and the
correct alarm characteristic for each of the positions of face,
and the registration face image selection unit selects the reg-
istration image for each of the positions of face.

With this configuration, the registration image can be
selected for each of the positions of the face.

Further, according to the present invention, the face image
registration device further includes an others face update unit
that updates the others faces retained in the others face reten-
tion unit, in which the false alarm characteristic calculation
unit calculates the false alarm characteristic by using a given
latest others face updated by the others face update unit.

With this configuration, since the false alarm characteristic
can be calculated by using the last others face, the face
authentication with high precision can be conducted even if a
photographing environment is changed.

Further, according to the present invention, there is pro-
vided a face image registration device that includes: an image
input unit that inputs an image; a registration face image
retention unit that retains registration images, a collation
threshold value of the registration images, and a false alarm
rate characteristic indicative of a correspondence relationship
between the degree of similarity and the false alarm rate; and
an individual determination unit that obtains the degree of
similarity of the input image by collating the images input
from the image input unit with the face images retained in the
registration face image retention unit, and determines an indi-
vidual by comparing the degree of similarity of the input
image with the collation threshold value. In the face image
registration device, when the image input from the image
input unit is determined as the same person’s face as those of
the plurality of registration images retained in the registration
face image retention unit, the false alarm rate to the degree of
similarity of the input image are calculated from the false
alarm rate characteristic with respect to each of the plurality
of registration images, and the calculated false alarm rates are
compared to determine whether the face of the image input
from the image input unit is of the same person as that of each
of the plurality of registration images of faces.

With this configuration, even if there is a plurality of face
images that exceeds the collation threshold value, the indi-
vidual can be specified according to the false alarm rate to the
degree of similarity obtained from the false alarm rate.

Advantages of the Invention

According to the present invention, the registration images
that can improve the false alarm characteristic and the correct
alarm characteristic can be selected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration
according to a first embodiment of the present invention.

FIG. 2 is an illustrative view illustrating the operation
according to the first embodiment of the present invention.

FIG. 3 is an illustrative view illustrating a false alarm rate
characteristic according to the first embodiment of the present
invention.
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FIG. 4is anillustrative view illustrating a correct alarm rate
characteristic according to the first embodiment of the present
invention.

FIG. 5 is an illustrative view illustrating a characteristic of
a registration candidate A according to the first embodiment
of the present invention.

FIG. 6 is an illustrative view illustrating a characteristic of
a registration candidate B according to the first embodiment
of the present invention.

FIG. 7 is an illustrative view illustrating a characteristic of
a registration candidate C according to the first embodiment
of the present invention.

FIG. 8 is a flowchart illustrating a flow of processing
according to the first embodiment of the present invention.

FIG. 9 is a block diagram illustrating a configuration
according to a second embodiment of the present invention.

FIG. 10 is an illustrative view illustrating the types of head
pose according to the second embodiment of the present
invention.

FIG. 11 is an illustrative view illustrating registration face
candidates according to the second embodiment of the
present invention.

FIG. 12 is an illustrative view illustrating a method of
registering the registration faces according to the second
embodiment of the present invention.

FIG. 13 is an illustrative view illustrating the operation of
a technique 1 according to the second embodiment of the
present invention.

FIG. 14 is an illustrative view illustrating the operation of
a technique 2 according to the second embodiment of the
present invention.

FIG. 15 is an overall flowchart illustrating a flow of pro-
cessing according to the second embodiment of the present
invention.

FIG. 16 is a detailed flowchart illustrating a flow of pro-
cessing according to the second embodiment of the present
invention.

FIG. 17 is a block diagram illustrating a configuration
according to a third embodiment of the present invention.

FIG. 18 is an illustrative view illustrating the operation
according to the third embodiment of the present invention.

FIG. 19 is an illustrative view illustrating divisions of a
position according to the third embodiment of the present
invention.

FIG. 20 is an overall flowchart illustrating a flow of pro-
cessing according to the third embodiment of the present
invention.

FIG. 21 is a detailed flowchart illustrating a flow of pro-
cessing according to the third embodiment of the present
invention.

FIG. 22 is a block diagram illustrating a configuration
according to a fourth embodiment of the present invention.

FIG. 23 is a block diagram illustrating a configuration
according to a fifth embodiment of the present invention.

FIGS. 24(a) and 24(b) are illustrative views illustrating
operation according to the fifth embodiment of the present
invention.

FIG. 25 is an illustrative view illustrating how to use col-
lation threshold values according to the fifth embodiment of
the present invention.

FIG. 26 is a flowchart illustrating a flow of processing
according to the fiftth embodiment of the present invention.

FIG. 27 is a block diagram illustrating a conventional face
collation device.
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MODE FOR CARRYING OUT THE INVENTION

First Embodiment

Hereinafter, a first embodiment according to the present
invention will be described in detail with reference to the
drawings. FIG. 1 is a block diagram illustrating a face image
registration device according to a first embodiment of the
present invention. Referring to FIG. 1, in a face image regis-
tration device 1, a face image is cut out from an image of a
person photographed by an image input unit 2 by a face image
cutout unit 3, and transmitted to a false alarm characteristic
calculation unit 4 and a correct alarm characteristic calcula-
tion unit 6.

In the false alarm characteristic calculation unit 4, a false
alarm characteristic is calculated by using a face collation unit
7 with reference to an others face retention unit 5. Also, in the
correct alarm characteristic calculation unit 6, a correct alarm
characteristic is calculated from the face image cut out by the
face image cutout unit 3 by using the face collation unit 7.

Finally, a registration face selection unit 8, which is a
registration face image selection unit, selects a face image
suitable for a registration face image from the face images cut
out by the face image cutout unit 3 by using the false alarm
characteristic calculated by the false alarm characteristic cal-
culation unit 4 and the correct alarm characteristic calculated
by the correct alarm characteristic calculation unit 6.

Subsequently, the first embodiment of the present inven-
tion will be described in detail. FIG. 2 is an illustrative view
illustrating the operation according the first embodiment of
the present invention. FIG. 2 illustrates an appearance that a
subject person 22 goes into a store from an entrance 21 of a
convenience store or the like. The subject person 22 travels
along a trajectory 25. In this situation, a plurality of images 23
is photographed by the image input unit 2, and face images 24
of'the subject person are cut out by the face image cutout unit
3.

Referring to FIG. 1, the false alarm characteristic calcula-
tion unit 4 collates the respective face images of the subject
person cut out by the face image cutout unit 3 with those in the
others face retention unit 5 by using the face collation unit 7.
The face collation unit 7 calculates the degree of similarity
between others faces retained by the others face retention unit
5 and the face images of the subject person.

In this situation, a threshold value is determined in
advance, and if the degree of similarity is smaller than the
threshold value, the face image is determined as others
whereas if the degree of similarity is larger than the threshold
value, the face image is determined as the subject person.

For that reason, when the threshold value is set to a larger
value, a frequency at which the face image is determined as
the subject person is lower, and therefore a false alarm rate is
decreased. On the other hand, when the threshold value is set
to a smaller value, the frequency at which the face image is
determined as the subject person is higher, and therefore the
false alarm rate is increased.

FIG. 3 illustrates the false alarm rates the threshold value is
changed assuming that the face images of the subject person
cut out by the face image cutout unit 3 are respective regis-
tration face candidates A, B, and C. In FIG. 3, the registration
face candidate A shows that the false alarm rate is lower than
that of the other registration face candidates when the thresh-
old value is small, but the false alarm rate is less decreased
even if the threshold value is increased. Also, the registration
face candidate B shows that the false alarm rate is higher
when the threshold value is small, but the false alarm rate is
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rapidly decreased when the threshold value is slightly
increased. The registration face candidate C is intermediate
between those candidates.

Then, referring to FIG. 1, the face images of the subject
person cut out by the face image cutout unit 3 are input to the
correct alarm characteristic calculation unit 6. The correct
alarm characteristic calculation unit 6 calculates the correct
alarm rate among the face images of the subject person by
using the face collation unit 7.

In obtaining the correct alarm rate, one of the face images
of'the subject person is collated with all the other face images
of'the subject person to calculate the degree of similarity. The
calculated number of the degrees of similarity is a value
obtained by subtracting 1 from the total number of face
images of the subject person. Under the circumstances, the
threshold value is set in advance, and it is assumed that a value
obtained by dividing the number of other face images of the
subject person, having the degree of similarity equal to or
larger than the set threshold value by the total number of the
calculated degrees of similarity is the correct alarm rate.
When the threshold value is changed, the number of other
face images of the subject person, having the degree of simi-
larity over the threshold value is changed. Therefore, the
correct alarm rate to one face image of each subject person is
varied depending on the threshold value.

When the threshold value is increased, the degrees of simi-
larity with the other face images of the subject person, which
exceed the threshold value are decreased. Therefore, the cor-
rect alarm rate is decreased. On the other hand, when the
threshold value is decreased, the degrees of similarity with the
other face images of the subject person, which exceed the
threshold value are increased. Therefore, the correct alarm
rate is increased.

FIG. 4 illustrates a change in the correct alarm rate when
the threshold value is changed with respect to the registration
face candidates A, B, and C described above. Referring to
FIG. 4, the registration face candidate A shows that when the
threshold value is smaller, the correct alarm rate is higher, and
as the threshold value is more increased, the correct alarm rate
is gradually more decreased. This shows, in the registration
face candidate A, that when the degrees of similarity with the
other face images of the subject person are obtained, the
frequency of the degrees of similarity is even from the smaller
degrees of similarity to the larger degrees of similarity.

Also, the registration face candidate B shows that when the
threshold value reaches a given value, the correct alarm rate is
rapidly decreased. That shows that the number of other face
images of the subject person large in the degree of similarity
is small.

Furthermore, the registration face candidate C shows that
the correct alarm rate is low as compared with the other
registration face candidates, and when the threshold value is
changed, the correct alarm rate is unstably changed. This
shows that the number of the other face images of the subject
person smaller in the degree of similarity and the number of
the other face images of the subject person larger in the degree
of similarity are uneven.

FIGS. 5, 6, and 7 illustrate changes in the correct alarm rate
and the false alarm rate when the threshold value is changed
with respect to the registration candidate images A, B, and C
on the same graphs.

In FIG. 5, the threshold value when the correct alarm rate
reaches 95% is obtained, and the false alarm rate is obtained
at the time of this threshold value, and a difference therebe-
tween is taken to obtain a difference (correct alarm rate ref-
erence) 53 between the correct alarm rate and the false alarm
rate. In the same manner, in FIGS. 6 and 7, a difference
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(correct alarm rate reference) 63 between the correct alarm
rate and the false alarm rate, and a difference (correct alarm
rate reference) 73 between the correct alarm rate and the false
alarm rate can be obtained. Among the difference (correct
alarm rate reference) 53 between the correct alarm rate and
the false alarm rate, the difference (correct alarm rate refer-
ence) 63 between the correct alarm rate and the false alarm
rate, and the difference (correct alarm rate reference) 73
between the correct alarm rate and the false alarm rate, the
difference (correct alarm rate reference) 53 between the cor-
rect alarm rate and the false alarm rate is the largest.

It is conceivable that when this registration image is col-
lated with a newly input face of the subject person, the reg-
istration image larger in the difference between the correct
alarm rate and the false alarm rate is higher in the correct
alarm rate where the newly input face is correctly determined
as the subject person, and lower in the false alarm rate where
others are determined as the subject person. Therefore, the
registration image A is most suitable for the registration
image.

Likewise, referring to FIG. 5, the threshold value when a
false alarm rate 51 is 1% is obtained, a correct alarm rate 52
at the time of this threshold value is further obtained, and a
difference therebetween is taken so that a difference (false
alarm rate reference) 54 between the correct alarm rate and
the false alarm rate can be obtained.

As with the difference (correct alarm rate reference)
between the correct alarm rate and the false alarm rate, it is
conceivable that among the difference (false alarm rate ref-
erence) 54 between the correct alarm rate and the false alarm
rate, a difference (false alarm rate reference) 64 between the
correct alarm rate and the false alarm rate, and a difference
(false alarm rate reference) 74 between the correct alarm rate
and the false alarm rate, the largest difference is suitable for
the registration image. Therefore, the registration candidate
image B is most suitable if based on the false alarm rate 1%.
Reference numerals 61 and 71 are the false alarm rates, and 62
and 72 are the correct alarm rate.

The face image to be registered may be determined on the
basis of the correct alarm rate, or may be determined on the
basis of the false alarm rate.

FIG. 8 is a flowchart illustrating a flow of processing
according to the first embodiment. The image of the subject
person is input from the image input unit 2 (S81), and nor-
mally, as illustrated in FIG. 2, the subject person 22 is tracked
for a given time after the subject person 22 starts to be pho-
tographed, and the images 23 are sequentially input.

Upon completion of the tracking, it is determined that the
image input has been completed (S82), and the face images
are cut out from the respective images (S83). Then, the false
alarm characteristics of the respective cutout face images are
calculated (S84). Then, the correct alarm characteristic is then
calculated (S85). After the false alarm characteristic and the
correct alarm characteristic have been calculated for the
respective registration face candidates, the registration image
is selected from the false alarm characteristic and the correct
alarm characteristic (S86).

Second Embodiment

Subsequently, a second embodiment of the present inven-
tion will be described with reference to FIGS. 9 to 14. FIG. 9
is a block diagram illustrating a second embodiment. The
second embodiment is substantially identical in configuration
with the first embodiment, and includes a head pose calcula-
tion unit 81 that calculates a head pose of the image input
from the image input unit 2, and further includes a head pose
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image retention unit 82 that retains the face images cut out by
the face image cutout unit 3 for each of the head poses. The
second embodiment further includes an each-head-pose oth-
ers face retention unit 83 that retains the face images of others
for each of the head poses. Those configurations are different
from those in the first embodiment.

FIG. 10 1s an illustrative view illustrating how to divide the
head poses. The head pose detections are obtained by using an
algorithm such as an AAM (active appearance Model). For
example, if a vertical direction is 20 degrees or larger, and a
horizontal direction is smaller than —20 degrees as an angle of
the head pose obtained by the head pose detection, the head
pose is classified as the face image of 30 degree upper right.
The head poses are classified into 9 types in total. However,
the head poses can be classified into types more than 9 or
types less than 9.

Referring to FIG. 11, reference numeral 101 denotes reg-
istration face candidates whose head poses are calculated by
the head pose calculation unit 81, and which are cut out by the
face image cutout unit 3. The person of the registration can-
didate looks at a front or a right direction while traveling, and
therefore 10 kinds of candidate images A to J are obtained.
Then, those face images are retained in the head pose image
retention unit 82 for each of the head poses.

After the face images have been retained in the head pose
image retention unit 82 for each of the head poses, the same
processing as that in the first embodiment is executed for each
of'the head poses. For example, three front faces of A, B, and
I are retained as the registration face image candidates, and
the face images of others are retained in the each-head-pose
others face retention unit 83 for each of the head poses.
Therefore, the correct alarm rate and the false alarm rate are
calculated for each of the head poses to select the face image
most suitable for the registration face.

Subsequently, a description will be given of a method of
selecting the registration images corresponding to the angles
which are not input from the image input unit 2 among the
registration images of the subject human face on the basis of
a technique 1 and a technique 2.

First, the technique 1 will be described with FIGS. 12 and
13. In a case illustrated in FIG. 11, the images of 30 degree
upper, 30 degree lower right, 30 degree lower, and 30 degree
lower left are not obtained from the image input unit 2.

In the technique 1, in all of the faces of the subject person
which are retained in the head pose image retention unit 82,
the false alarm rate is calculated for the images of an appro-
priate head pose among the images retained in the each-head-
pose others face retention unit 83. Then, one of the face
images of the subject person is collated with all the other face
images of the subject person to calculate the degree of simi-
larity, and thereafter the calculated degree of similarity is
multiplied by a correction coefficient conforming with the
head pose for correction.

The correction coefficient is determined according to one
head pose of the face images of the subject person, the head
poses of the other face images of the subject person, and the
head pose of the registration face to be obtained, and the
degrees of similarity of the respective images of various head
poses of a large number of persons are calculated in advance.

The correction coefficient will be further described with
reference to FIG. 13. FIG. 13 illustrates a data structure in
which the correction coefficients are retained. Referring to
FIG. 13, a horizontal axis of a foreground surface represents
the head poses of one (registration face candidate) of the face
images of the subject person, and is divided into nine pieces
from 30 degree upper right to 30 degree lower left. Also, a
vertical axis thereof represents the head poses of the other
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face images of the subject person (calculation subject person
face), and is likewise divided into nine stages from 30 degree
upper right to 30 degree lower left. Further, a depth direction
represents the head pose of the face image to be obtained, and
is likewise divided into nine stages from 30 degree upper right
to 30 degree lower left.

When the head pose of the registration face candidate, the
head pose of the calculation subject person face, and the head
pose of the face image to be obtained are determined, the
correction coefficient is determined. The correction coeffi-
cient is learned by using a large number of head pose images
in advance.

The degrees of similarity of the respective registration face
candidates A to J are obtained, and then multiplied by the
correction efficient selected from the registration face candi-
dates, the calculation subject person face, and the head pose
of'the registration face to be obtained to correct the degrees of
similarity.

It the degrees of similarity of the respective subject person
faces are obtained, the correct alarm characteristic for each of
the subject faces can be obtained. Therefore, the registration
face candidates can be selected in the same manner as that in
the first embodiment.

First of all, when the correct alarm characteristic of the
registration face candidate A is calculated, the degree of simi-
larity with the calculation subject person face, for example, B
is obtained. When it is assumed that the head pose of the face
image to be obtained is the 30 degree upper, the head pose of
the registration face candidate A is front, the calculation sub-
ject person face B is front, and the head pose of the registra-
tion face to be obtained is the 30 degree upper. Therefore, as
illustrated in FIG. 13, a correction coefficient F correspond-
ing to a condition where the registration face candidate is
front, the calculation subject person face is front, and the head
pose to be obtained is the 30 degree upper can be selected.

After the correction coefficient has been obtained, the
degree of similarity obtained between the registration face
candidate A and the calculation subject person face B is
multiplied by a correction coefficient F to obtain the degree of
similarity after the registration face candidate has been cor-
rected.

The correct alarm characteristic of the registration face
candidate A can be obtained by calculating the above pro-
cessing of all the other calculation subject person faces C to J
for the registration face candidate A. Likewise, the correct
alarm characteristics of the other registration face candidates
can be also calculated. Then, the registration face candidate
largest in the difference between the correct alarm character-
istic and the false alarm characteristic is registered as the
registration image of the appropriate angle.

Subsequently, as the technique 2, a description will be
given of a method in which when the correct alarm charac-
teristic is calculated, the face image of the appropriate head
pose of the subject person is synthesized with all the other
face images of the subject person, which are collation coun-
terparts, by using a three-dimensional model estimated by the
AAM, and the degree of similarity is calculated by using this
face. In this case, the correction of the degree of similarity is
unnecessary.

As with the technique 1, when the registration image of the
subject person face of the 30 degree upper is selected in FIG.
11, since the face image of the 30 degree upper is not input
from the image input unit 2, the registration image is selected
from the face images A to J of the other angles.

First ofall, as with the technique 1, as illustrated in FIG. 14,
the false alarm rates of the respective face images A to J of the
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subject person are obtained by using the image of the 30
degree upper retained in the each-head-pose others face reten-
tion unit 83.

Then, the face images (called “calculation subject person
face” as with the technique 1) other than the face image of the
subject person, whose correct alarm rate is to be obtained, are
synthesized with the angle whose correct alarm rate is to be
obtained, and the degrees of similarity between the synthe-
sized face image and the registration face candidates are
obtained.

Referring to FIG. 14, when it is assumed that the face
candidate A ofthe subject person for calculation of the correct
alarmrate is A, and the angle whose correction alarm rate is to
be obtained is the 30 degree upper, the calculation subject
person faces B to J are synthesized at the 30 degree upper.
Then, the degree of similarity between A and the synthesized
face image is obtained so that the correct alarm characteristic
of A can be obtained.

The same processing is also conducted on the registration
face candidates B to J. That is, when the correct alarm rate of
the registration face candidate B is obtained, the face images
of A and C to J are synthesized at the 30 degree upper as the
calculation subject person face, and the degrees of similarity
between the registration face candidate B not synthesized and
the synthesized calculation subject person faces A and C to J
are obtained to calculate the correct alarm rate of the regis-
tration face candidate B. The same processing is conducted
on C and the other registration face candidates to obtain the
correct alarm rates of the respective images.

FIG. 15 is a flowchart illustrating a flow of processing
according to the second embodiment. Referring to FIG. 15,
the flow is identical with that of the first embodiment till the
completion of the image input (S82).

After the subject person face has been photographed for a
given time, face positions of the respective images are
obtained to calculate the head poses (S131). Then, the face
images are cut out (S83). Then, the face images are retained in
the head pose image retention unit 82 for each of the head
poses (S132). Further, the registration face is selected for each
of'the head poses (S133).

FIG. 16 illustrates a flow of processing of the registration
face candidate selection (S133) for each of the head poses.
The registration faces are selected for all of nine angles from
the 30 degree upper right to the 30 degree lower left illustrated
in FIG. 10. After the registration images have been selected
for all of the head poses, the processing is completed (yes in
S141). If the selection of the registration faces has not yet
been completed for all of the head poses, one of the head
poses not selected is selected (S142).

Then, it is checked whether there is the subject person face
of the selected head pose (appropriate head pose), or not
(S143). In an example of FIG. 11, there are the faces of the
subject person in the 30 degree upper right, the 30 degree
upper left, the 30 degree right, the front, and the 30 degree left.
However, there is no face image of the subject person in the
other head poses such as the 30 degree upper.

When there is the face of the subject person (yes in S143),
the false alarm characteristic of the appropriate head pose is
calculated (S144). In this situation, since the faces of others
are retained in the each-head-pose others face retention unit
83 of FIG. 9 for each of the head poses, the false alarm
characteristic is calculated by using the face images of others
of the appropriate head pose.

Then, the correct alarm characteristic of the appropriate
head pose is calculated (S145). Then, the registration images
of the appropriate head pose are selected (S146). When the
number of face images of the subject person for the appropri-
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ate head pose is one, this face image is set as the registration
image, and when the number of face images is two, the face
image lower in the false alarm characteristic is set as the
registration image for the appropriate head pose.

When there is no face image of the subject person for the
appropriate head pose (no in S143), the correct alarm char-
acteristics are calculated for all of the face images of the
subject person regardless of the head poses through the tech-
nique 1 described with reference to FIGS. 12 and 13, or the
technique 2 described with reference to FIG. 14 (S147).

Then, the image largest in the difference between the cor-
rect alarm characteristic and the false alarm characteristic is
selected as the registration face image (S148).

Third Embodiment

Subsequently, a third embodiment of the present invention
will be described with reference to FIGS. 17 to 19. FIG. 17 is
a block diagram illustrating a third embodiment according to
the present invention. As compared with the second embodi-
ment, the head pose calculation unit 81 is replaced with a
position calculation unit 121, and the head pose image reten-
tion unit 82 is replaced with an each-position image retention
unit 122. Also, the false alarm characteristic calculation unit
4 is replaced with an each-face-position false alarm charac-
teristic calculation unit 123, and the correct alarm character-
istic calculation unit 6 is replaced with an each-face-position
correct alarm characteristic calculation unit 124. Further, the
each-head-pose others face retention unit 83 is replaced with
an each-position others face retention unit 125.

FIG. 18 is an illustrative view illustrating the operation
according to the third embodiment of the present invention.
The image input unit 2 photographs a situation in which a
person 133 exists in an entrance 131 or on a floor 134. In this
situation, images under various conditions are obtained
according to positional relationships of an illumination 132 or
the image input unit 2 and the person.

FIG. 19 illustrates the images under what conditions are
input according to the positional relationships of the image
input unit 2 and the person or the illumination 132. As illus-
trated in FIG. 19, the following images are obtained.

A: downlight

B: small face size

C: normal

D: head pose is downward

E: head pose is liable to be sideways

Returning to FIG. 17, in the third embodiment, the images
are retained for each of the position relationships between the
image input unit 2 and the person, and the correct alarm
characteristic and the false alarm characteristic are calculated
to determine the registration image for each of the positions.

FIGS. 20 and 21 are flowcharts illustrating a flow of pro-
cessing according to the third embodiment. FIGS. 20 and 21
are different from FIGS. 15 and 16, which are flowcharts
according to the second embodiment, in that the head pose is
replaced with the position, and identical therewith in other
configurations. S181 corresponds to S131, S182 corresponds
to S132, and S183 corresponds to S133. Also, S191 to S198
correspond to S141 to S148, respectively.

In the third embodiment, when the registration face at a
position where the face of the subject person is not photo-
graphed is selected, the selection is conducted by a method
using the conversion coefficient. That is, processing is con-
ducted assuming that a solid of FIG. 13 is regarded as a solid
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of 5x5x5 in height, width, and depth, the 30 degree upper
right is B: downlight, and the 30 degree upper is B: small face
size.

Fourth Embodiment

Subsequently, a fourth embodiment according to the
present invention will be described with reference to FIG. 22.
Referring to FIG. 22, the face image registration device 1 is
identical with that in the first embodiment, but in order to
update data of others faces retained in the others face reten-
tion unit 5, an others face update unit 151 and an image
storage unit 152 are provided.

The others face update unit 151 updates others faces
retained in the others face retention unit to the face image of
others input from the face image cutout unit 3 or the image
storage unit 152.

Conditions for updating the others faces retained in the
others face retention unit are described below.

(1) Only the face image of last visitors is used.

When a moving image is input from the image input unit 2,
faces of 1000 last visitors are retained in the others face
retention unit, and the older face images are sequentially
deleted. As a result, an influence of temporal changes can be
reduced.

(2) The number of acquired face images per one person is
limited.

When a moving image is input from the image input unit 2,
a tracking process is conducted to reduce the number of
registrations per one person.

(3) Others faces are selected to reduce an average of the
degrees of similarity.

The degrees of similarity of the round-robin face images in
the others face retention unit 5 are obtained, and the faces in
the others face retention unit 5 are selected so that an average
of the degrees of similarity can be reduced as much as pos-
sible. When the degree of similarity within the others face
retention unit 5 is large, there is a possibility that there are a
large number of similar faces. However, the others faces are
selected so that the average of the degrees of similarity is
decreased with the result that a large indefinite number of face
images can be retained in the others face retention unit 5.

Fifth Embodiment

Subsequently, a fifth embodiment according to the present
invention will be described with reference to FIGS. 23 to 26.
FIG. 23 is a block diagram illustrating a fifth embodiment
according to the present invention. In the fifth embodiment,
anindividual determination unit 161, a registration face reten-
tion unit 162, and a result output unit 167 are provided in
addition to the constituent elements of the first embodiment.
An each-individual information 163 is retained within the
registration face retention unit 162. Further, registration
images 164, collation threshold values 165, and false alarm
characteristics 166 are retained within the each-individual
information 163.

In the fifth embodiment, the collation threshold values 165
different for each of the registration images 164 are set, as a
result of which even a person of the registration images whose
degree of similarity is liable to be decreased is liable to be
identified correctly.

Also, when a plurality of the registration images 164
exceeds the collation threshold values 165, the input image is
more liable to be identified correctly by using the false alarm
characteristics 166.
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First of all, as described in the first embodiment, the false
alarm characteristic calculation unit 4 calculates the false
alarm characteristic associated with the faces of others
retained in the others face retention unit 5 for each of the
images cut out by the face image cutout unit 3.

The selection of the registration faces is conducted in the
same manner as that in the first embodiment. However, when
the registration face selection unit 8 selects the registration
face and retains the selected registration face in the registra-
tion face retention unit 162, the registration face retention unit
162 retains the false alarm characteristic in addition to the
registration images 164 and the collation threshold values 165
therein.

The false alarm characteristic is a probability (false alarm
rate) that others are erroneously determined as the subject
person when the subject person face is compared with a
plurality of others faces. The subject person face is compared
with the others faces to obtain the degrees of similarity, and if
the degrees of similarity are larger than the collation threshold
values, the other faces are determined as the subject person
whereas if the degrees of similarity are smaller, the other
faces are determined as the others. For that reason, a case in
which the others faces are erroneously determined as the
subject person is more increased as the collation threshold
values are smaller, and the false alarm rate becomes higher.

FIGS. 24(a) and 24(b) illustrate the false alarm character-
istics when the registration images are Mr. AA and Mr. BB. In
the case of Mr. AA, when the degree of similarity is 53, the
false alarm rate is 0.5%, and in the case of Mr. BB, when the
degree of similarity is 58, the false alarm rate is 0.8%.

FIG. 25 illustrates a situation in which an unknown face
No. 1 (actually, Mr. AA), an unknown face No. 2 (actually,
Mr. BB), and an unknown face No. 3 (actually, Mr. BB) are
input when Mr. AA, Mr. BB, Mr. CC, and Mr. DD are regis-
tered, and the respective collation threshold values thereof are
50, 55, 48, and 50.

In this example, the collation threshold value is, for
example, a value for determining that the input image is Mr.
AA when the degree of similarity of the registration face of
Mr. AA and the input image is the collation threshold value or
larger.

When the unknown face No. 1 is input, the degrees of
similarity with Mr. AA, Mr. BB, Mr. CC, and Mr. DD are
obtained as 54, 54, 40, and 40. Since those degrees of simi-
larity exceed the collation threshold value of Mr. AA, the
individual determination unit 161 determines that the
unknown face No. 1 is Mr. AA. Also, the result is output to the
result output unit 167.

Likewise, in the case of the unknown face No. 2, the
degrees of similarity with Mr. AA and so on become 40, 58,
38, and 45. As a result, the unknown face No. 2 is determined
as Mr. BB.

Subsequently, it is assumed that the degrees of similarity
with Mr. AA and so on when the unknown face No. 3 (actu-
ally, Mr. AA) is input are 53, 58, 42, and 43. In this case, since
those degrees of similarity exceed both of the collation
threshold value 50 of Mr. AA and the collation threshold
value 55 of Mr. BB, it is impossible to discriminate between
Mr. AA and Mr. BB.

Under the circumstances, as illustrated in FIGS. 24(a) and
24(b), the false alarm rates when the degree of similarity of
Mr. AA is 53 and when the degree of similarity of Mr. BB is
58 are obtained by using the false alarm characteristics.

Since the false alarm rate with Mr. AA when the degree of
similarity is 53 is 0.3%, and the false alarm rate with Mr. BB
when the degree of similarity is 58 is 0.8%, it is found that a
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possibility that Mr. AA is the others is low. Therefore, the
unknown face No. 3 is determined as Mr. AA.

FIG. 26 is a flowchart illustrating a flow of processing
according to the fifth embodiment of the present invention.
Referring to FIG. 23, the image input from the image input
unit 2 is cut out by the face image cutout unit 3, and trans-
mitted to the individual determination unit 161.

Referring to FIG. 26, a step (S81) for inputting the images
is implemented by the image input unit 2, and a step (S82) for
cutting out the images is implemented by the face image
cutout unit 3.

The individual determination unit 161 obtains the degree of
similarity between the input face image and the registration
images 164 of the each-individual information 163 retained in
the registration face retention unit 162 (S221).

After completion of collating all the registration faces
(S222), the individual determination unit 161 checks whether
there is the degree of similarity exceeding the collation
threshold value, or not (S223).

If there is no person of the registration face exceeding the
collation threshold value (none in S223), there is no available
(S224).

Ifthere is one person of the registration face exceeding the
collation threshold value (one person in S223), it is deter-
mined that the registration person exceeding the collation
threshold value is input (S225).

If there are two or more persons of the registration faces
exceeding the collation threshold value (two or more persons
in S223), the false alarm rate is obtained from the false alarm
characteristic through the method described with reference to
FIGS. 24(a) and 24(b) (S226). This processing is imple-
mented on all of the registration images exceeding the colla-
tion threshold value (S227).

After processing on the face images of all the persons
exceeding the collation threshold value has been completed,
it is determined that the registration person lowest in the false
alarm rate is input (S228).

The present invention has been described in detail or with
reference to specific embodiments, but it would be obvious to
a person skilled in the art that the present invention could be
variously changed or modified without departing from the
spirit and scope of the present invention.

The present invention is based on Japanese Patent Appli-
cation No. 2010-175950 filed on Aug. 5, 2010, and content
thereof is incorporated herein by reference.

INDUSTRIAL APPLICABILITY

The present invention relates to the face authentication
device that can select and register an optimum registration
image of the subject person even if an installation environ-
ment of the face authentication device is changed.

DESCRIPTION OF REFERENCE SIGNS

: Face Image Registration Device

: Image Input Unit

: Face Image Cutout Unit

: False alarm Characteristic Calculation Unit

: Others Face Retention Unit

: Correct Alarm Characteristic Calculation Unit
: Face Collation Unit

: Registration Face Selection Unit

LU W

The invention claimed is:

1. A face image registration device comprising:

an image inputter that inputs a plurality of face images of a
subject person;
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an others face storage that stores a plurality of others faces;

a false alarm characteristic calculator that collates the face
images of the subject person with the others faces stored
in the others face storage and calculates a false alarm
characteristic of the face images of the subject person;

a correct alarm characteristic calculator that collates the
face images of the subject person with each other, to
calculate a correct alarm characteristic of the face
images of the subject person; and

a registration face image selector that selects a registration
face image from the face images of the subject person,
based on the false alarm characteristic of the face images
of'the subject person and the correct alarm characteristic
of the face images of the subject person,

wherein the false alarm characteristic calculator calculates
acollation result of the face images of the subject person
with the others faces stored in the others face storage, as
a false alarm rate,

wherein the correct alarm characteristic calculator calcu-
lates the correct alarm characteristic of the face images
of the subject person, as a correct alarm rate, and

wherein the registration face image selector selects the
registration face image from the face images of the sub-
ject person, based on a difference between the correct
alarm rate of the face images of the subject person and
the false alarm rate of the face images of the subject
person when the correct alarm rate of the face images of
the subject person is a given threshold value.

2. A face image registration device comprising:

an image inputter that inputs a plurality of face images of a
subject person;

an others face storage that stores a plurality of others faces;

a false alarm characteristic calculator that collates the face
images of the subject person with the others faces stored
in the others face storage, and calculates a false alarm
characteristic of the face images of the subject person;

a correct alarm characteristic calculator that collates the
face images of the subject person with each other, to
calculate a correct alarm characteristic of the face
images of the subject person; and

a registration face image selector that selects a registration
face image from the face images of the subject person,
based on the false alarm characteristic of the face images
of'the subject person and the correct alarm characteristic
of the face images of the subject person,

wherein the false alarm characteristic calculator calculates
acollation result of the face images of the subject person
with the others faces stored in the others face storage, as
a false alarm rate,

wherein the correct alarm characteristic calculator calcu-
lates the correct alarm characteristic of the face images
of the subject person, as a correct alarm rate, and

wherein the registration face image selector selects the
registration face image from the face images of the sub-
ject person, based on a difference between the correct
alarm rate of the face images of the subject person and
the false alarm rate of the face images of the subject
person when the false alarm rate of the face images of the
subject person is a given threshold value.
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3. A face image registration method comprising:

inputting a plurality of face images of a subject person;

storing a plurality of others faces;

calculating a false alarm characteristic of the face images
of the subject person, by collating the face images of the
subject person with the stored others faces;

calculating a correct alarm characteristic of the face images
of the subject person, by collating the face images of the
subject person with each other; and

selecting a registration face image from the face images of
the subject person, based on the false alarm characteris-
tic of the face images of the subject person and the
correct alarm characteristic of the face images of the
subject person,

wherein, in the calculating of the false alarm characteristic,
acollation result of the face images of the subject person
with the stored others faces is calculated as a false alarm
rate,

wherein, in the calculating of the correct alarm character-
istic, the correct alarm characteristic of the face images
ofthe subject person is calculated as a correct alarm rate,
and

wherein, in the selecting, the registration face image is
selected from the face images of the subject person,
based on a difference between the correct alarm rate of
the face images of the subject person and the false alarm
rate of the face images of the subject person when the
correct alarm rate of the face images of the subject
person is a given threshold value.

4. A face image registration method comprising:

inputting a plurality of face images of a subject person;

storing a plurality of others faces;

calculating a false alarm characteristic of the face images
of the subject person, by collating the face images of the
subject person with the stored others faces;

calculating a correct alarm characteristic of the face images
of the subject person by collating the face images of the
subject person with each other; and

selecting a registration face image from the face images of
the subject person, based on the false alarm characteris-
tic of the face images of the subject person and the
correct alarm characteristic of the face images of the
subject person,

wherein, in the calculating of the false alarm characteristic,
acollation result of the face images of the subject person
with the stored others faces is calculated as a false alarm
rate,

wherein, in the calculating of the correct alarm character-
istic, the correct alarm characteristic of the face images
ofthe subject person is calculated as a correct alarm rate,
and

wherein, in the selecting, the registration face image is
selected from the face images of the subject person,
based on a difference between the correct alarm rate of
the face images of the subject person and the false alarm
rate of the face images of the subject person when the
false alarm rate of the face images of the subject person
is a given threshold value.
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